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Description 

[0001] The present invention relates to a methacrylate resin composition. More particularly, the present invention 
relates to a methacrylate resin composition which is excellent in moldability, resistance to heat distortion, mechanical 

s properties and solvent resistance. 

[0002] Methacrylate resins are widely used in various fields such as automobile parts, electrical components, indus- 
trial parts and sundry goods because of their excellent properties such as transparency, mechanical properties and 
moldabiiity. But, when an article made of the methacrylate resin is contacted to an organic solvent such as an alcohol 
(e.g. methanol or ethanol) or a paint thinner, It is crazed or cracked so that its good appearance, which Is one of its 

10 inherent characteristics, is deteriorated and further its mechanical properties are decreased. 

[0003] Hitherto, to improve solvent resistance of the methacrylate resin, JP-A-53-7792 (1978) and JP-A-54-99190 
(1979) propose a solvent resistant methacrylate resin which is prepared by copolymerizing methyl methacrylate and 
a higher alkyl ester of (meth)acrylic acid. 

[0004] JP-B-59-1 0745 (1 984) discloses a solvent resistant methacrylate resin composition comprising acrylic rubber 
IS particles with a particle size of 20 to 90 nm dispersed in the methacrylate resin, each of which particles has a three- 
layer structure consisting of a first layer of a polymer which comprises methyl methacrylate and a polyfunctional grafting 
monomer, a second layer of a polymer which comprises an aikyt acrylate and a polyfunctional crossilnking agent and 
a third layer of a polymer which comprises at least 80 % by weight of a methacrylate. 

[0005] JP-A-61 -60749 (1 986) discloses a solvent resistant methacrylate resin containing a rubber which comprises 

20 a copolymer of an alkyl acrylate and butadiene dispersed therein. 

[0006] I n the case of the copolymer of methyl methacrylate and the higher alkyl (meth)acrylate, the solvent resistance 
is not satisfactorily improved. The methacrylate resin composition comprising the rubber component dispersed therein 
has Improved Impact strength and solvent resistance, but a degree of improvement is not sufficient. 
[0007] EP-A-453 198 discloses a methacrylic resin composition comprising 1 to 80% by weight of two-layer meth- 

25 acrylic polymer particles wherein the inner layer comprises a crosslinked polymer 

[0008] The object of the present invention is to provide a methacrylate resin composition which has improved solvent 
resistance while maintaining the inherent properties of the methacrylate resin such as moldabiiity, resistance to heat 
distortk^n, mechanical properties. 

[0009] This object has been achieved by a methacrylate resin composition comprising: 

30 

20 to 99 % by weight of a methacrylate resin and 

80 to 1 % by weight of a methacrylic two-layer polymer which comprises an inner layer and an outer layer and is 
characterized by the following properties (a) to (e): 

3S (a) said inner layer comprising repeating units derived from methyl methacrylate, having a viscosity average 

molecular weight of 500,000 to 5.000,000 and being not cross-linked, 

(b) said outer layer of said two-layer polymer comprising repeating units derived from methyl methacrylate 
and having a viscosity average molecular weight of 50.000 to 300,000. 

(c) a weight ratio of said inner layer to said outer layer of 1 :9 to 9:1 , 
40 (d) a glass transition temperature of 50 to 1 20'C 

(e) an average particle size of 20 to 500 nm, and the inner and outer layer are formed by polymerizing mon- 
omers containing at least 60 % by weight of methyl methacrylate. 

[0010] The methacrylate resin used according to the present invention is a polymer of methyl methacrylate resin. 

4S The methacrylate resin can be a rigid methacrylate resin of at least 70 % by weight of methyl methacrylate with at least 
one other ethylenically unsaturated monomer copolymerizable with methyl methacrylate, or a rubber-modified meth- 
acrylate resin comprising the rigid methacrylate resin and an acrylic rubber or a butadiene rubber dispersed therein. 
[0011] Examples of the copolymerizable ethylenbalty unsaturated monomer are C^-Ce-alkyl acrylates, aromatk: vinyl 
monomers such as styrene. acrylonitrile and C2-CB-alkyl methacrylates . 

so [0012] The rigki methacrylate resin may be prepared by a conventional method such as emulsion polymerization, 
suspension polymerizatk>n and bulk polymerization, in batchwise or continuously 

[001 3] As the acrylic rubber to be used for modifying the methacrylate resin, there are known various kinds of rubbers. 
Examples of the acrylic rubber are a crosslinked elastomer prepared by copolymerizing an alkyl acrylate, styrene or a 
styrene derivative and a polyfunctional monomer having at least two carbon-carbon double bonds in a molecule, a 
graft polymer prepared by grafting a monomer comprising methyl methacrylate to said crosslinked elastomer, and a 
polymer prepared by stepwise potymerizatKjn of a layer comprising an alkyl acrylate, styrene or a styrene derivative 
and the above polyfunctional monomer and another layer from methyl methacrylate, such as those disclosed in JP-B- 
55-27576 (1980) and JP-B-59-36645 (1984) and JP-A-55-94917 (1980). 
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[0014] Examples of the butadiene rubber to be used for modifying the methacrytate resin are a graft polymer com- 
prising polybutadiene to which methyl methacrylate. an atkyl acryiate or styrene is grafted, and a polymer prepared by 
multi-stage polymerizing a layer from a monomer comprising butadiene and a layer from a monomer comprising methyl 
methacrylate. 

s [0015] A content of the rubber component to be contained in the rubber-modified methacrytate resin is from 3 to 60 
% by weight, preferably from 5 to 50 % by weight based on the weight of the whole rubber-modified resin. When the 
content of the mbber component is less than 3 % by weight, the resin composition has insufficient impact strength. 
When this content exceeds 60 % by weight, the heat resistance or the mechanical properties such as stiffness of the 
resin composition are deteriorated unpreferabty 

10 [0016] The rubber-modified methacrylate resin may be prepared by melt mixing the rubber component in the meth- 
acrylate resin or by polymerizing the monomer mixture comprising at least 70 % by weight of methyl methacrylate in 
the presence of the rubber component. 

[0017] The two-layer polymer of the present invention consists of the inner layer which fonms a core and the outer 
layer which forms a shell. 

IS [0018] The inner layer is prepared by polymerizing a monomer comprising methyl methacrylate, and has a viscosity 
average molecular weight of 500,000 to 5,000,000. preferably 2,000,000 to 5,000,000. When the viscosity average 
molecular weight is lower than 500,000, the solvent resistance is not sufficiently improved. As the viscosity average 
molecular weight increases, the solvent resistance is further improved. But, when the viscosity average molecular 
weight exceeds 5,000,000, a polymerizatbn rate decreases. 

20 [0019] When the inner layer has a crosslinked structure, the solvent resistance may be deteriorated. 

[0020] The monomer comprising methyl methacrytate intends to mean a monomer containing at least 60 % by weight 
of methyl methacrylate and the rest of the above described other copolymerizable ethylentcally unsaturated monomer. 
[0021] The outer layer of the two-layer polymer of the present invention is formed by a polymer of a nranomer com- 
prising methyl methacrylate. The viscosity average molecular weight of the outer layer is from 50,000 to 300,000, 

25 preferably from 70,000 to 200,000. When the viscosity average molecular weight is lower than 50,000, the solvent 
resistance is not sufficiently improved. When the viscosity average molecular weight exceeds 300,000. flowability of 
the resin composition decreases so that the moldability becomes insufficient. 

[0022] The outer layer may be a single layer or have two or more sublayers. Preferably, an outer sublayer has a 
smaller molecular weight than an inner sublayer. 
30 [0023] The outer layer increases compatibility of the two-layer polymer with the rigid methacrylate resin and prevents 
the generation of craze caused by stress or the deterioration of the mechanical properties of the methacrylate resin 

composition. 

[0024] The weight ratio of the inner layer to the outer layer is from 1 :9 to 9: 1 . preferably from 5:5 to 9: 1 . When a ratio 
of the inner layer is too small, the solvent resistance of the resin composition is insufficient and further the flowability 
3S of the resin composition decreases so that the moldability of the resin composition is deteriorated. When a ratio of the 
outer layer is too small, the craze tends to appear on the resin composition or the mechanical properties of the resin 
composition tend to decrease. 

[0025] Preferably the two-layer polymer has a higher glass transition temperature for the purpose of maintaining the 
mechanical properties and heat resistance of the methacrylate resin composition. The glass transition temperature is 
40 at least 50**C. preferably at least BO'C. The upper limit is about 120*C which is the maximum glass transition temper- 
ature of the methacrylate resin. 

[0028] Since the glass transition temperature increases as the content of methyl methacrylate units increases, it can 
be adjusted in the above range by selecting the kind and amount of the other copolymerizable ethylenicatly unsaturated 
monomer. 

45 [0027] The two-layer polymer has an average particle size of 20 to 500 nm, preferably 100 to 450 nm. When the 
average particle size is smaller than 20 nm, the resin composition has extremely tow flowability. When it exceeds 500 
nm, a surface of molded article of the methacrylate resin composition is roughened. 

[0028] The two-iayer polymer to be used in the present invention can be isasily prepared by successive double-etage 
polymerization. That is. the inner layer forming the core is first formed by emulsion polymerization and then the outer 
so layer is formed by emulston polymerization in the presence of the inner layer polymer particles. 

[0029] A polymerizatk)n temperature is usually from 30 to 120<'C. A polymerizatkxi time depends on kinds and 
amounts of a polymerization initiator and an emulsifier, and is usually from 0.5 to 7.0 hours for the formation of the 
inner layer. 

[0030] A ratio of the monomer(s) to water is from 1 :20 to 1 : 1 . 
ss [0031] To adjust the viscosity average molecular weights of the inner and outer layers, it may be possible to use a 
conventional polymerization degree regulator (chain transier agent) such as a mercaptan. 

[0032] The emulsifier may be any of conventtonally used ones. Examples of the emulsifier are long chain alkyi car- 
boxylate salts. alkyI sulfosucclnate salts and alkyI benzenesulfonate salts. 
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[0033] The particle size of the two-layer polymer can be controlled by a known technique In the emulsion polymeri- 
zation, for example, control of emulsifying conditions such as a concentration of the emulsifier. However, an excessive 
amount of the emulsifier will interfere the formation of the two layer structure of the polymer. 
[0034] The particle size can be measured in a latex form after the polymerization by any of known methods such as 
s observation with a microscope, a light absorbance method, a static light scattering method, a dynamic light scattering 
method or a centrifugal sedimentation method. 

[0035] The polymerization initiator may be any of conventionally used ones. Examples of the polymerization initiator 
are inorganic polymerization initiators (e.g. persulfates or pemitrates); redox initiators comprising such inorganic po- 
lymerization Initiators and reducing agents such as a sulfite salt; redox initiators such as an organic hydroperoxide/ 
10 ferrous salt or an organic hydroperoxida/sodium formaldehyde sulfoxylate; benzoyl peroxide; and azobis- 

isobutyronitrile . 

[0036] The methacrylate resin composition of the present invention may be obtained by mixing 20 to 99 % by weight, 
preferably 50 to 95 % by weight of the methaciylate resin and 1 to 80 % by weight, preferably 5 to 50 % by weight of 
the two-layer polymer. When the amount of the two-layer polymer is less than 1 % by weight, the solvent resistance 
IS of the resin composition is only slightly improved. When the amount of the two-layer polymer exceeds 80 % by weight, 
the flowability of the resin composition decreases so that the moldabitity of the resin composition is deteriorated. 
[0037] The methacrylate resin and the two-layer polymer can be mixed by any of conventional methods for mixing 
resins, insofar as they are homogeneously mixed. 

[0038] For example, pellets or powder of the rigid methacrylate resin or the rubber-modified methacrylate resin and 
20 the two-layer polymer; or pellets or powder of the rigid methacrylate resin, the rubber component and the two-layer 
polymer are mixed in a twin-shell blender or a Henschel mixer and then the mixture is melt mixed with mixing rolls or 
a screw extruder at a temperature of 150 to SOO^C. 

[0039] In this case, it is possible to add e.g. a stabilizer, a lubricant, a plasticizer. a dye or pigment and/or a filler. 
[0040] Further, the two-layer polymer is dispersed in the monomer or monomers constituting the rigid methacrylate 
25 resin or a syrup of the monome r or monomers and then the monomer or monomers are bulk or suspension polymerized 
to obtain the methacrylate resin composition of the present invention. 

[0041] Altematively, in the preparation step of the rubber-modified methacrylate resin, a latex of the two-layer polymer 
is blended in a latex of the rubber component which has been prepared by the emulsion polymerization, and then the 
resin components are separated from the blended latex and melt mixed with the rigid methacrylate resin, or the above 
30 two latexes are blended with a latex of the rigid methacrylate resin, and the resin components are separated from the 
blended latex. 

[0042] The methacrylate resin composition of the present inventbn can improve the solvent resistance while main- 
taining the moldability, resistance to heat distortion and mechanical property of the rigid or rubber-modified methacrylate 
resin. In comparison with a conventional multilayer polymer composition comprising an acrylic rubber component, the 
3S methacrylate resin composition of the present invention has much improved solvent resistance. 
[0043] The present inventbn will be explained further in detail by the following Examples. 
[0044] The abbreviations used in Examples have the following significances: 

MMA: Methyl methacrylate 

40 EA: Ethyl acrylate 

BA: n-Butyl acrylate 

AMA: Allyl methacrylate 

ST: Styrene 

CHP: Cumene hydroperoxide 
45 NaDDBS: Sodium dodecylbenzenesutfonate 

[0045] In Examples, the properties are measured as follows: 

Viscosity average molecular weight 

so 

[0046] A viscosity average molecular weight is calculated from a viscosity of a solution of the polymer measured 
according to JIS Z8603 using the following equation: 

55 Vc = 1^1*1 +0.4 hlxC) 



[ti] = 4.8x10"^ (Msff -^ 
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wherein iisp/e is a specific viscosity (dl/g). lr\] is an intrinsic viscosity, C is a concentration of the solution (g/dl). and Mv 
Is a viscosity average molecular weight of the polymer. 

Solvent resistance 

5 

[0047] The solvent resistance is measured by supporting an injection molded dumbbell form specimen (126.5 mm 
X 12.7 mm x 3.3 mm) in a cantilever beam style, applying a load on a position which is 66 mm apart from a support 
point so that a stress of 1 4.7 MPa is generated on a surface of the specimen on the support point, coating isopropanol 
on the specimen surface on the support point and measuring a time period (seconds) till crazes appear on the specimen 
10 surface. The measurements are repeated three times and the time periods are averaged. 

Melt index (Ml) 

[0048] A meft index (g/10 minutes) Is measured according to ASTM D1238 at 230^C under a load of 3.8 kg for a 
IS period of 1 0 minutes. 

Tensile strength 

[0049] A tensile strength ( MPa ) Is measured according to ASTM D638. 

20 

Impact strength 

[0050] An Izod notched impact strength (kg cm/cm) is measured according to ASTM D256 at 23*^0. 
2S Heat resistance and heat distortion temperature 

[0051] Heat resistance and heat distortion temperature (HDT) (°C) are measured according to ASTM D648. 
Particle size 

30 

[0052] A partk:le size is measured by micro-partk:le size analyzer (Type BI-90S manufactured by Nikkiso Co., Ltd.). 
Glass transition temperature 

^ [0053] A glass transition temperature is measured by a differential scanning catorimeter (DS-1 0 manufactured by 
Seiko Denshi KogyoCo., Ltd.). 

[0054] As processing machines, a vented 30 mm screw extruder (manufactured by Tanabe Plastics Machinery Co., 
Ltd.) and an injection molding machine (M-140 manufactured by Meiki Seisakusho Co., Ltd.) are used. 

40 Example 1 

(a) Preparation of a two-laver polymer 

[0055] In a 5 liter glass reactor equipped with a condenser, k>n-exchanged water (1740 g), NaDDBS (30 g) and 
45 sodium formaldehyde sulfoxytate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA 
(366 g) containing 0.1 % of CHP and EA (15 g) were charged. Thereafter, the mixture was heated up to 70''C while 
stirring and further stin-ed for 45 minutes. To the mixture, a mixture of MMA (1080 g) containing 0.1 % of CHP and EA 
(45 g) was added over a period of 100 minutes. After the addition, the mixture was further stirred for 60 minutes to 
complete the polymerization of an Inner layer. 
so [0056] A small amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 
Then, thevlscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 
resin was calculated. The inner layer resin had the viscosity average molecular weight of 1 ,900.000. 
[0057] To the polymer latex obtained in the previous step, MMA (360 g) containing 0.1 % of CHP and 0.4 % of 
laurylmercaptan and EA (15 g) were added over a period of 60 minutes. After the addition, the mixture was stirred for 
ss further 60 minutes to complete the polymerization of an outer layer. 

[0058] The particle size of the two-layer polymer was measured and found to be 150 nm. Alt references to a particle 
size relate to average particle sizes throughout the Examples. 

[0059] The obtained latex was poured In a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer 
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The coagulated polymer was washed with warm water five times and dried to obtain the two layer-structure polymer, 
which had the glass transition temperature of 104'*C. 

[0060] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 110,000. 

s 

(b) Preparation of a methacrvlate resin composition 

[0061] Rigid methacrylate resin particles which were produced by a conventional suspension polymerization, con- 
sisted of 96 % by weight of methyl methacrylate repeating units and 4 % by weight of ethyl acrylate units and had an 
10 average molecular weight of 1 20,000 and the two-layer polymer prepared in the above step (a) were mixed in a weight 
ratio shown in Table 1 using a Henschel mixer and melt mixed in the vented screw extruder at a cylinder temperature 
of 220 to 270^*0 to obtain pellets. 

[0062] The pellets were dried at 80*C for 5 hours and injection molded by the injection molding machine at 240*0 
to form a dumbbell form specimen, and its properties were measured and evaluated. The results are shown in Table 1 . 

IS 

Examples 2 and 3 

[0063] In the same manner as in the preparation of a methacrylate resin composition (b) of Example 1 except that 
the rigid methacrylate resin and the two-layer polymer were used in the ratio shown in Table 1 , the methacrylate resin 
20 composition was prepared. ' 
[0064] The results are shown in Table 1 . 

Comparative Example 1 

25 [0065] Only the rigid methacrylate resin particles used in the step (b) of Example 1 were subjected to the property 
evaluation. The results are shown in Table 1. 

Example 4 

^ (a) Preparation of a two-laver polymer 

[0066] In a 5 liter glass reactor equipped with a condenser, ion-exchanged water (1 740 g) and sodium formaldehyde 
sulfoxylate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA (102 g) containing 0.1 
% of CHP, EA (4 g) and NaDDBS (0.5 g) were charged. Thereafter, the mixture was heated up to 70'C while stirring 
35 and further stirred for 80 minutes. To the mixture, a mixture of MMA (1 344 g) containing 0.1 % of CHP. EA (56 g) and 
NaDDBS (6 g) was added over a period of 1 50 minutes. After the addition, the mixture was further sti rred for 90 minutes 
to complete the polymerization of an inner layer. 

[0067] A small amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 

Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 
^ resin was calculated. The inner layer resin had the viscosity average molecular weight of 1 ,700,000. 

[0068] To the polymer latex obtained in the previous step. MMA (360 g) containing 0.1 % of CHP and 0.4 % of 

laurylmercaptan and EA (15 g) were added over a period of 60 minutes. After the addition, the mixture was stin-ed for 

further 60 minutes to complete the polymerization of an outer layer. 

[0069] The particle size of the two-layer polymer was measured and found to be 395 nm. 
46 [0070] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 

The coagulated polymer was washed with warm water five times and dried to obtain the two layer-structure polymer, 

which had the glass transition temperature of 104^*0. 

[0071] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 110.000. 

so 

(b) Preparation of a methacrvlate resin composition 

[0072] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
was used, a methacrylate resin composition was prepared. The results are shown in Table 1. 

55 
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Example 5 

(a^ Preparation of a twp-laver poivmer 

s [0073] In a 5 liter glass reactor equipped with a condenser, ion-exchanged water (1740 g), NaDDBS (30 g) and 
sodium formaldehyde sulfoxylate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA 
(366 g) containing 0.1 % of CHP and EA (15 g) were charged. Thereafter, the mixture was heated up to 70^0 while 
stirring and further stin'ed for 45 minutes to complete the polymerization of an inner layer 

[0074] A snr^ll amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 
10 Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the Inner layer 

resin was calculated. The inner layer resin had the viscosity average molecular weight of 1,500,000. 

[0075] To the polymer latex obtained in the previous step, MMA (1440 g) containing 0.1 % of CHP and 0.4 % of 

laurylmercaptan and EA (60 g) were added over a period of 180 minutes. After the addition, the mixture was stirred 

for further 60 minutes to complete the polymerization of an outer layer. 
IS [0076] The particle size of the two-layer polymer was measured and found to be 1 60 nm. 

[0077] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 

The coagulated polymer was washed with warm water five times and dried to obtain the two layer^tructure polymer. 

which had the glass transition temperature of ^03°C. 

[0078] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
20 in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 110,000. 

(b) Preparation of a methacrvlate resin composition 

[0079] I n the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
25 was used, a methacrylate resin composition was prepared. The results are shown in Table 1 . 

Example 6 

(a) Preparation of a two-layer poivmer 

30 

[0080] In a 5 liter glass reactor equipped with a condenser, ion-exchanged water (1740 g), NaDDBS (30 g) and 
sodium formaldehyde sulfoxylate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA 
(366 g) containing 0.1 % of CHP and 0.02 % of laurylmercaptan and EA (15 g) were charged. Thereafter, the mixture 
was heated up to 70*'C while stirring and further stirred for 45 minutes. To the mixture, a mixture of MMA (1080 g) 

35 containing 0.1 % of CHP and 0.02 % of laurylmercaptan and EA (45 g) was added over a period of 100 minutes. After 
the addition, the mixture was further stirred for 100 minutes to complete the polymerization of an inner layer. 
[0081] A small amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 
Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 
resin was calculated. The inner layer resin had the viscosity average molecular weight of 830.000. 

40 [0082] To the polymer latex obtained in the previous step, MMA (360 g) containing 0.1 % of CHP and 0.4 % of 
laurylmercaptan and EA (15 g) were added over a period of 60 minutes. After the addition, the mixture was stirred for 
further 60 minutes to complete the polymerization of an outer layer 
[0083] The particle size of the two-layer polymer was measured and found to be 1 50 nm. 
[0084] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer 

45 The coagulated polymer was washed with warm water five times and dried to obtain the two layer-structure polymer, 
which had the glass transition temperature of 102''C. 

[0085] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 110,000. 

so ib) Preparation of a methacn/late resin composition 

[0086] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
was used, a methacrylate resin composition was prepared. The results are shown in Table 1 . 

55 
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Exampie 7 

(a) Preparation of a two-laver potvmer 

5 [0087] In a 5 liter glass reactor equipped wrth a condenser, ion-exchanged water (1740 g), NaDDBS (30 g) and 
sodium formaldehyde sulfoxylate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA 
(366 g) containing 0.1 % of CHP and EA (15 g) were charged. Thereafter, the mixture was heated up to 70»C while 
stirring and further stirred for 45 minutes. To the mixture, a mixture of MMA (1080 g) containing 0.1 % of CHP and EA 
(45 g) was added over a period of 100 minutes. After the addition, the mixture was further stirred for 60 minutes to 

10 complete the polymerization of an inner layer. 

[0088] A snnall amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 
Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 
resin was calculated. The inner layer resin had the viscosity average molecular weight of 1,900,000. 
[0089] To the polymer latex obtained in the previous step. MMA (360 g) containing 0.1 % of CHP and 0.2 % of 

IS laurylmercaptan and EA (15 g) were added over a period of 60 minutes. After the addition, the mixture was stirred for 
further 60 minutes to complete the polymerization of an outer layer. 
[0090] The particle size of the two-layer polymer was measured and found to be 150 nm. 

[0091] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 
The coagulated polymer was washed with wami water five times and dried to obtain the two layer-structure polymer. 
20 which had the glass transition temperature of 104"C. 

[0092] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 180,000. 

(b) Preparation of a methacn^late resin composition 

2S 

[0093] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
was used, a methacrylate resin composition was prepared. The results are shown in Table 1. 

Example 8 

30 

ia) Preparation of a two-laver polvmer 

[0094] In a 5 liter glass reactor equipped with a condenser, ion-exchanged water (1740 g), NaDDBS (30 g) and 
sodium fornr^ldehyde sulfoxylate (Rongalite®) (0.6 g) were charged and stirred in a nitrogen stream and then MMA 
3S (366 g) containing 0.1 % of CHP and EA (15 g) were charged. Thereafter, the mixture was heated up to 70"C while 
stirring and further stirred for 45 minutes. To the mixture, a mixture of MMA (1080 g) containing 0.1 % of CHP and EA 
(45 g) was added over a period of 100 minutes. After the addition, the mixture was further stirred for 60 minutes to 
complete the polymerization of an inner layer. 

[0095] A small amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 
40 Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 

resin was calculated. The inner layer resin had the viscosity average molecular weight of 1,900.000. 

[0096] To the polymer latex obtained in the previous step. MMA (360 g) containing 0.1 % of CHP and 0.6 % of 

laurylmercaptan and EA (1 5 g) were added over a period of 60 minutes. After the addition, the mixture was stinred for 

further 60 minutes to complete the polymerization of an outer layer. 
4S [0097] The particle size of the two-layer polymer was measured and found to be 1 50 nm. 

[0098] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 

The coagulated polymer was washed with warm water five times and dried to obtain the two layer-structure polymer, 

which had the glass transition temperature of 103'C. 

[0099] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
so in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 80,000. 

(b) Preparation of a methacn^late resin composition 

[01 00] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
ss was used, a methacrylate resin composition was prepared. The results are shown in Table 1 . 



8 



EP0 571 918 B1 



Example 9 

(a) Preparation of a twD-tever polvmer 

s fOIOI] In a 5 liter glass reactor equipped with a condenser, Ion-exchanged water (1740 g) and NaDDBS (30 g) were 
charged and stirred in a nitrogen streanr) and then MMA (1446 g) and EA (60 g) were charged, followed by the addition 
of Ion-exchanged water (100 g) containing 0.046 % of sodium persulfate over a period of 60 minutes. After the addition, 
the mixture was further stirred for 60 minutes to complete the polymerization of an inner layer 
[0102] A small amount of a polymer latex was sampled and water was evaporated off to recover the dried resin. 

^0 Then, a viscosity of a solution of the resin was measured and a viscosity average molecular weight of the inner layer 
resin was calculated. The inner layer resin had the viscosity average molecular weight of 4,000,000. 
[0103] To the polymer latex obtained in the previous step, a mixture of MMA (360 g) containing 0.4 % of lauryl- 
mercaptan and EA (15 g) and ion-exchanged water (30 g) containing 1.3 % of sodium persulfate were added over a 
period of 30 minutes. After the addition, the mixture was stirred for further 30 minutes to complete the polymerization 

'5 of an outer layer. 

[0104] The particle size of the two-layer polymer was measured and found to be 160 nm. 
[0105] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 
The coagulated polymer was washed with wanm water five times and dried to obtain the two layer-structure polymer, 
which had the glass transition temperature of 104*C. 
20 [01 06] The same monomer mixture as used for forming the outer layer was polymerized under the same conditions 
in the absence of the inner layer resin. The obtained polymer had the viscosity average molecular weight of 110,000. 

(b) Preparation of a methacrylate resin composition 

25 [0107] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
was used, a methacrylate resin composition was prepared. The results are shown in Table 1 . 

Example 10 

30 (a) Preparation of a two-layer polymer 

[0108] In the same manner as in Example 9 except that a concentration of sodium persulfate was changed to 0.075 
% in the polymerization of the inner layer resin, a two-layer polymer was prepared. 

[01 09] The inner layer resin had the viscosity average molecular weight of 3,500.000, and the two-layer polymer had 
35 the particle size of 1 90 nm and the glass transition temperature of 104**C. 

(b) Preparation of a methacrylate resin composition 

[01 10] In the same manner as in Example 3 except that the two-layer polymer obtained in the step (a) of this Example 
40 was used, a methacrylate resin composition was prepared. The results are shown in Table 1 . 

Example 11 

(a) Preparation of an acrylic rubber 

45 

[0111] A three layer-structure acrylic rubber was prepared in accordance with the method disclosed in Examples of 
JP-B-55-57576 (1980). 

[0112] That Is, in a 5 liter glass reactor, ton-exchanged water (1700 g). sodium carbonate (0.7 g) and sodium per- 
sulfate (0.3 g) were charged and stirred in a nitrogen stream and then a surfactant (PELEX<B>OT-P manufactured by 

so KAO) (4.46 g), ion-exchanged water (1 50 g). MMA (510 g) and AMA (0.3 g) were charged. Thereafter, the mixture was 
heated up to 76'C and stirred for 150 minutes. To the mixture, a mixture of BA (689 g). ST (162 g) and AMA (17 g) 
and another mixture of sodium persulfate (0.85 g), PELEX® OT-P (7.4 g) and ion-exchanged water (50 g) were sep- 
arately added over a period of 90 minutes, followed by polymerization for 90 minutes. After the completion of polym- 
erization, a mixture of MMA (326 g) and EA (14 g) and ion-exchanged water (30 g) containing sodium persulfate (0.34 

55 g) were separately added over a period of 30 minutes. Then, the mixture was further stirred for 60 minutes to complete 
the polymerization. The particle size of the polymer was 380 nm. 

[0113] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer 
The coagulated polymer was washed with warm water five times and dried to obtain the acrylic rubber. 
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(b) Preparation of a rubber-modified methacrvlate resin 

[01 1 4] The same rigid methacrylate resin particles as used in the step (b) of Example 1 and the acrylic rubber prepared 
in the step (a) of this Example were mixed in a weight ratio of 60:30 by a Henschel mixer and melt mixed and palletized 
5 by a vented screw extruder at a cylinder temperature of 220 to 270^0. 

(d\ Preparation of a methacrvlate resin composition 

[0115] The rubber-modified methacrylate resin prepared in the previous step (b) (90 parts by weight) and the two- 
10 layer polymer prepared in the step (a) of Example 1 (10 parts by weight) were mixed using a Henschel mixer and melt 
mixed and pelletized in a vented screw extruder at a cylinder temperature of 220 to 270**C. 

[0116] The pellets were dried at BO'^C for 5 hours and injection molded by an injection molding machine at 240'C to 
form a dumbbell form specimen, and its properties were measured and evaluated. The results are shown in Table 2. 

IS Examples 12-14 

[0117] In the same manner as in the step (c) of Example 11 except that the two-layer polymer prepared in the step 
(a) of Example 1. the rigid methacrylate resin particles prepared in the step (b) of Example 1 and the acrylic rubber 
prepared in the step (a) of Example 11 were used in the ratio shown In Table 2, the methacrylate resin composition 
20 was prepared. The results are shown In Table 2. 

Example 1 5 

[0118] In the same manner as in the step (c) of Example 11 except that the two-layer polymer prepared in the step 
2S (a) of Example 9, the rigid methacrylate resin particles prepared in the step (b) of Example 1 and the acrylic rubber 
prepared in the step (a) of Example 11 were used in the ratto shown in Table 2, the methacrylate resin composition 
was prepared. The results are shown in Table 2. 

Example 16 

30 

[0119] In the same manner as in the step (c) of Example 11 except that the two-layer polymer prepared in the step 
(a) of Example 10, the rigid methacrylate resin particles prepared in the step (b) of Example 1 and the acrylic rubber 
prepared in the step (a) of Example 11 were used in the ratio shown in Table 2, the methacrylate resin composition 
was prepared. The results are shown in Table 2. 

35 

Comparative Example 2 

[0120] In the same manner as in Example 11 except that the ratio of the rigid methacrylate resin particles to the 
acrylic rubber was changed to 80:20 in the step (b) of Example 11, a methacrylate resin composition containing no 
40 two-layer polymer was prepared. The results are shown In Table 2. 

Comparative Example 3 

(a) Preparation of a crosslinked two laver-structure polymer 

45 

[0121] In a 5 liter glass reactor equipped with a condenser, ion-exchanged water (1740 g), NaDDBS (30 g) and 
sodium formaldehyde sulfoxylate (Rongalite®) (0,6 g) were charged and stirred in a nitrogen stream and then MMA 
(358 g) containing 0.1 % of CHP. EA (15 g) and AMA (8 g) were charged. Thereafter, the mixture was heated up to 
70^ C while stirring and further stirred for 45 minutes to complete the polymerization of an inner layer. 

so [0122] To the polymer latex obtained in the previous step, a mixture of MMA (1440 g) containing 0.1 % of CHP and 
EA (55 g) was added over a period of 80 minutes. After the addition, the mixture was kept standing tor 60 minutes to 
complete the polymerization of an outer layer. The particle size of the polymer was measured and found to be 1 38 nm. 
[0123] The obtained latex was poured in a 0.5 % aqueous solution of aluminum chloride to coagulate the polymer. 
The coagulated polymer was washed with wamn water five times and dried to obtain the two layer-structure polymer, 

ss which had the glass transitbn temperature of 104°C. 
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(b) Preparation of a methacrvlate resin compoaition 

[0124] In the same manner as in Example 2 except that the two^ayer polymer obtained in the step (a) of this Com- 
parative Example was used, a methacrylate resin composition was prepared. The results are shown in Table 2. 

Comparative Example 4 

[0125] In the same manner as in the step (c) of Example 11 except that the two-layer polymer prepared in the step 
(a) of Comparative Example 3 was used, the methacrylate resin composition was prepared. The results are shown in 
Table 2. 



Table 1 



Example No. 


Rigid 
methacrylate 
resin (%) 


Two layer- 
structure polymer 
(%) 


Solvent 
resistance (sec.) 


Mi 


Tensile strength 
(MPa) 


HDT 

rc) 


1 


80 


20 


25 


1.4 


65.7 


94 


2 


70 


30 


83 


0.4 


67.9 


95 


3 


60 


40 


394 


0.2 


70.6 


102 


4 


60 


40 


130 


0.1 


68.7 


102 


5 


60 


40 


31 


0.7 


66.7 


101 


6 


60 


40 


42 


0.1 


70.6 


99 


7 


60 


40 


130 


0.1 


67.9 


100 


8 


60 


40 


215 


0.1 


68.7 


100 


9 


60 


40 


48 


0,1 


72.6 


99 


10 


60 


40 


35 


0.1 


71.6 


99 


C. 1 


100 


0 


6 


2.0 


71.6 


103 



11 



EP0 571 918 B1 




12 



EP0 571 918 B1 



(a) said inner layer comprising repeating units derived from methyl methacrylate, having a viscosity av- 
erage molecular weight of 500,000 to 5,000.000 and being not cross-linked, (b) said outer layer of said 
two-layer polymer comprising repeating units derived from methyl methacrylate and having a viscosity 
average molecular weight of 50,000 to 300,000, 
s (c) a weight ratio of said inner layer to said outer layer of 1 :9 to 9: 1 , 

(d) a glass transition temperature of 50 to 120^C, 

(e) an average particle size of 20 to 500 nm, and the inner and outer layer are formed by polymerizing 
monomers containing at least 60 % by weight of methyl methacrylate. 

10 2. The methacrylate resin composition according to claim 1 , wherein said methacrylate resin comprises at least 70 
% by weight of methyl methacrylate and at least one other ethylenically unsaturated monomer copolymerizable 
with methyl methacrylate. 

3. The methacrylate resin composition according to claim 1 or 2. wherein said methacrylate resin is a rubbennodified 
IS methacrylate resin containing in an amount of 3 to 60% by weight at least one rubber component selected from 

the group consisting of an acrylic rubber and a butadiene rubber. 

4. The methacrylate resin composition according to any of claims 1 to 3 which comprises 50 to 95% by weight of said 
methacrylate resin and 50 to 5 % by weight of said two-layer polymer. 

20 

5. The methacrylate resin composition according to any of claims 1 to 4 wherein said two-layer polymer is charac- 
terized by the following properties (a) to (e): 

(a) said inner layer comprising repeating units derived from methyl methacrylate and having a viscosity average 
25 molecular weight of 2,000.000 to 5.000,000. 

(b) said outer layer of said two-layer polymer comprising repeating units derived from methyl methacrylate 
and having a viscosity average molecular weight of 70,000 to 200.000. 

(c) a weight ratio of said inner layer to said outer layer of 5:5 to 9:1 . 

(d) a glass transition temperature of 60 to 120^0 and 
30 (e) an average particle size of 1 00 to 450 nm. 



Patentanspruehe 

35 1. Methacrylatharzmasse. umfassend: 

20 bis 99 Gew-% eines Methacrylatharzes und 60 bis 1 Gew.-%eines Methacryl-Zweischichtpoiymers. das 
eine innere Schicht und eine auBere Schicht umfa6t, und durch die nachstehenden Eigenschaften (a) bis (e) 

gekennzeichnet 1st: 

40 

(a) die innere Schicht umfaBt von Methylmethacrylat abgeleitete, wiederkehrende Einheiten, weist ein 
viskosltatsmittleres Molekulargewicht von 500 000 bis 5 000 000 auf und ist nicht vemetzt. 

(b) die auBere Schicht des Zweischichtpolymers umfaBt von Methylmethacrylat abgeleitete. wiederkeh- 
rende Einheiten und weist ein viskositatsmittleres Molekulargewicht von 50 000 bis 300 000 auf, 

<5 (c) ein Gewichtsverhaltnis der inneren Schicht zu der auBeren Schicht von 1:9 bis 9:1 , 

(d) eine GlasDbergangstemperatur von 50 bis 120''C, 

(e) eine mittlere TeilchengrbBe von 20 bis 500 nm und 

die innere und auBere Schicht warden durch Polymerisieren von Monomeren hergestellt, die mindestens 60 
so Gew.-% Methylmethacrylat enthalten. 

2. Methacrylatharzmasse nach Anspruch 1, wobei das Methacrylatharz mindestens 70 Gew.-% Methylmethacrylat 
und mindestens ein weiteres ethylenisch ungesattigtes Monomer, das mit Methylmethacrylat copolymerisierbar 
ist, umfaBt. 

55 

3. Methacrylatharzmasse nach Anspruch 1 oder 2. wobei Oas Methacrylatharz ein kautschuknrKxjIifiziertes Methacry- 
latharz darstellt, das in einer Menge von 3 bis 60 Gew.-% mindestens eine Kautschukkomponente, ausgewahit 
aus der Gaippe, bestehend aus einem Acrylkautschuk und einem Butadienkautschuk. enthalt. 
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4. Methacrylatharzmasse nach einem der AnsprOche 1 bis 3, die 50 bis 95 Gew.-% des Methacrylatharzes und 50 
bis 5 Gew.-% des Zweischichtpolymers umfaBt. 

5. Methacrylatharzmasse nach einem der AnsprDche 1 bis 4, wobei das Zweischichtpolymer durch die nachstehen- 
den Eigenschaften (a) bis (e) gelcennzeichnet ist: 

(a) die tnnere Schicht umfa3t von Methylmethacrylat abgeleitete. wiederlcehrende Einheiten und weist ein 
visitositatsmittleres Molelculargewicht von 2 000 000 bis 5 000 000 auf, 

(b) die auBere Schicht des Zweischichtpolymers umfaBt von Methylmethacrylat abgeleitete. wiederkehrende 

Einheiten und weist ein viskositatsmittleres Moleku large wicht von 70 000 bis 200 000 auf. 

(c) ein Gewichtsverhaltnis der inneren Schicht zu der auBeren Schicht von 5:5 bis 9:1 , 

(d) eine Glasubergangstemperatur von 80 bis 120''C und 

(e) eine mittlere TeilchengroBe von 100 bis 450 nm. 



Revendicatlons 

1. Composition de rdsine de m^thacrylate comprenant : 

de 20 ^ 99 % en poids dune rdsine de m^thacrylate et 

de 80 £i 1 % en poids d'un polymdre mdthacrylique bicouche, qui comprend une couche inteme et une couche 
exteme et qui est caract6ris6 par les propridtds (a) k (e) suivantes : 

(a) ladite couche interne comprend des motifs r6p6titifs d6rrv6s du methacrylate de mdthyle, presents 
une masse mol6culaire moyenne en viscosity comprise entre 500 000 et 5 000 000 et n'est pas r6ticul6e. 

(b) ladite couche exteme dudit polymfere bicouche comprend des motifs r6p6titifs d6riv6s du m6thacrylate 
de methyle et prdsente une masse moidculaire moyenne en viscositd comprise entre 50 000 et 300 000, 

(c) le rapport en poids de ladite couche inteme h ladite couche exteme est compris entre 1:9 et 9:1, 

(d) la temperature de transition vitreuse est comprise entre 50 et 120^0, 

(e) la taille partteulaire moyenne est comprise entre 20 et 500 nm et la couche interne et la couche externe 
sont fomndes par potymdrisation de monomdres contenant au moins 60 % en poids de methacrylate de 

m6thyle, 

2. Composition de rdsine de methacrylate seion la revendicatbn 1 . dans laquelle ladite resine de methacrylate com- 
prend au moins 70 % en poids de methacrylate de methyle et au moins un autre monom^re ethyieniquement 
insature copolymensable avec le methacrylate de methyle. 

3. Composition de r6sine de methacrylate seton la revendication 1 ou 2, dans laquelle ladite r6sine de methacrylate 
est une resine de methacrylate modifiee par un caoutchouc contenant, en une quantite de 3 ^ 60 % en poids. au 
moins un constituant caoutchouteux choisi dans le groupe constrtue par un caoutchouc acrylique et un caoutchouc 
butadiene. 

4. Composition de resine de methacrylate seton I'une quelconque des revendications 1 d 3, qui comprend de 50 k 
95 % en pokis de ladite resine de methacrylate et de 50 d 5 % en poids dudit polymdre bicouche. 

5. Composition de resine de methacrylate selon I'une quelconque des revendications 1 ^ 4, dans laquelle ledit po- 
lymere bicouche est caracterise par les proprietes (a) d (e) suivantes : 

(a) ladite couche inteme comprend des motifs repetitifs derives du methacrylate de methyle et presente une 
masse moieculaire moyenne en viscosite comprise entre 2 000 000 et 5 000 000. 

(b) ladite couche externe dudit polymere bicouche comprend des motifs repetitifs derives du methacrylate de 
m6thyle et presente une masse moieculaire moyenne en viscosite compnse entre 70 000 et 200 000, 

(c) le rapport en poids de ladite couche inteme d ladite couche externe est compris entre 5:5 et 9:1, 

(d) la temperature de transition vitreuse est comprise entre 80 et 120°C et 

(e) la taille particuiaire moyenne est comprise entre 100 et 450 nm. 
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